Taro (Colocasia esculenta) callus was induced from shoot tip explants on a modified Nitsch medium supplemented with 2,4-dichlorophenoxyacetic acid (2,4-D) and 6-benzyladenine (BA) at 1 mg.liter -1 each. The effect of agar concentration (0, 0.2, 0.4, 0.6, 0.8%, W/V) in a modified Murashige and Skoog (MS) medium on the regeneration of shoots from taro callus was investigated. Shoot differentiation was observed only in 0.2, 0.4 and 0.6% agar concentrations. A high level of shoot differentiation at 64% was measured on 0.6% agar medium. However, root differentiation was observed regardless of agar concentrations.
Introduction
Taro which is also known by a variety of vernacular names including dasheen and eddoe, is a major subsistence crop in numerous islands and countries throughout the South Pacific, Asia and Africa. Since it is propagated vegetatively by corms, about 10% of the yield from the previous cropping is used. Moreover, viral infections by Dasheen Mosaic Virus (DMV) and Cucumber Mosaic Virus (CMV) have aggravated the tremendous decrease on the corm yield. For these reasons, an alternative method of clonal propagation is tantamount to the solution of the problems mentioned above. Although there have been positive results regarding plantlet induction from taro shoot tips (5, 6, 9, 10, 11, 12, 20) , reports about plantlet regeneration from taro callus are very rare.
Nyman and Arditti (15) reported on plantlet formation from cultured callus of Colocasia esculenta var. antiquorum cv. UCI Runner. Our preliminary experiments on Japanese cultivars have been unsuccessful because of the instability of the callus growth. The unstable growth of callus in culture may be due mainly to the drying up of the culture medium by evaporation. This in turn may result to cracking or breaking up of the medium leading to complete inaccessibility of the nutrients in the culture medium to the tissues. This results to necrosis of the tissues.
The medium must be hard and firm enough to support callus, but if it is too hard or too stiff, it may prevent adequate contact between the medium and the tissues. Although raising the agar concentration avoids vitrification of cultured tissues, the stiffness of the medium results in a drastic decrease in the propagation ratio of the cultures (2, 3) . It is hypothesized that the water potential plays a big role in the mechanism of plantlet organogenesis. This paper reports on the plantlet regeneration from taro callus by adjusting the agar concentration of the culture medium.
Materials and Methods
Apical shoots which emerged from taro (Colocasia esculenta cv. Dotare) corms were excised and Received for publication 16 (15) . The potential for organogenesis of callus might be accounted on the changes in cell division patterns and chlorophyll content of callus. Thus in this study, callus was cultured in light condition (14-hr photoperiod) to induce the process of chlorophyll formation (8) .
Shoot differentiation was observed in 0.2, 0.4 and 0.6% (Fig. 1A) agar concentrations. However, as shown in Table 1 root differentiation was observed regardless of agar concentrations. The highest rate of root formation at 96% was recorded on the medium with 0% agar concentration. This was significantly different from the other treatments. Roots observed on the cultured callus were predominantly of the root hair type. Shoot or plantlet regeneration was unsuccessful on MS medium with 0.8% agar. Preliminary experiments were also unsucessful even when the medium was supplemented with different growth regulators. Furthermore, no shoot differentiation was observed on the medium without agar (0% agar) in spite of the formation of roots. The higher rate of shoot differentiation on 0.6% agar concentration in comparison to 0.8% can be attributed to the lower water potential on 0.6% agar medium, which may in turn incite physiological stimuli on the shoot primordium formation.
Since the proliferation of taro callus is very slow, cultures must be maintained for quite a long period. Consequently, moisture loss from the medium during this period results in necrosis of callus. It was also evident that low concentration of agar enhanced the smooth supply of nutrients from the medium to the cultured calli. However, shoot differentiation was not observed in 0% agar medi- (18, 21, 22) . Increased levels of Bacto-agar to the medium do not promote shoot formation or replace the carbohydrate requirement for that process (2). Stolz (19) also reported that in vitro growth may be adversely affected if the agar concentration is too high.
Undifferentiated calli died after 15 weeks of culture. Necrosis of callus was remarkable on the 0% agar medium due to enveloping of the callus with root hairs. The formation of gelly-like substances was observed regardless of agar concentrations.
Effects of BA and charcoal on the regeneration of plantlets from taro callus
Shoot differentiation from callus was observed on the medium supplemented with 1 mg¥liter -1 BA as early as 10 weeks of culture. The rate of differentiation of shoots on this medium was high, and it was 80% (Fig. 1B) . Addition of 0.1% charcoal did not directly induce the regeneration of shoots from the callus, but it seemed to lengthen the longetivity of the calli since no necrosis was observed after 20 weeks of culture ( Table 2 ). Formation of the gelly-like substances was not observed on these cultures. This supports the fact that charcoal removes unidentified inhibiting substances from the medium (1), or organic and inorganic contaminants present in the agar (17) .
Nyman and Arditti (15) reported an increase in plantlet formation from cultured tissues of taro with the addition of 2,3,5-triiodobenzoic acid (TIBA) on Linsmaier and Skoog medium (7), but observed a decrease in shoot growth on this medium. In this study, the addition of 1 mg¥liter -1 BA and 0.1% charcoal enhanced the growth and development as well as the differentiation of shoots in the callus cultures (Fig. 1C) . A high rate of shoot differentiation at 70% was already observed as early as 6 weeks of culture. No concrete explanation can be given on how charcoal has affected the regeneration of shoots from taro callus since the mechanism lying behind this is still unknown. But its positive effects are apparent enough to conclude that its addition to the medium is beneficial to the differentiation of shoots. This may be due to the removal of substances from the medium which promote unorganized growth, root formation and elongation and inhibit embryogenesis (4).
3. Effects of NAA and BA on shoot proliferation and root formation of regenerated shoots from taro callus Shoot formation was observed from the basal part of the shoot explants. The mode of shooting Table  2 .
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Effects of NAA and BA on shoot proliferation and root formation of regenerated plantlets from taro callus.
supports the idea that the proliferated shoots were adventitious. But, histological studies should be undertaken to check whether this is true or not. The addition of NAA and BA enhanced the proliferation of shoots and the degree of rooting of the regenerated shoots ( Table 3 ). The number of proliferated shoots per explanted shoot explant cultured on modified MS medium supplemented with NAA and BA at 1 mg.liter -1 each was significantly higher than those on the other media. Furthermore, the length of shoots and the degree of rooting were better on this medium. It should be noted that even without the addition of NAA and BA to the medium, shoot growth and shoot formation to a certain degree was observed on the explants ( Table 3) . Formation of primary roots was initiated after full development of the shoots or leaves. It can be enhanced by transferring the regenerated shoots into a. fresh modified MS medium supplemented with 2 mg•liter-1 NAA. The plantlets can be readily potted in a vermiculite medium for acclimitization before planting in the field (Fig. 1D) .
